ABSTRACT -Seed vigor testing is an important component of quality control programs adopted by seed industry. The software Seed Vigor Imaging System (SVIS) has been successfully used for seed vigor assessment in different species. The objective of this research was to verify the SVIS efficiency to assess okra seed vigor in comparison to other vigor tests used for this species. Five seed lots of 'Clemson Americano' and four of 'Santa Cruz' were submitted to germination (speed and percentage), cold germination (speed and percentage), traditional and saturated salt accelerated aging (41 ºC/72 and 96 h) and seedling emergence tests during 12 months storage. Vigor index, uniformity of growth and seedling length were determined by the software Seed Vigor Imaging System (SVIS). Results showed that the vigor index and seedling length determined by the SVIS analyses are efficient to determine okra seed vigor as well as the accelerated aging test (41 ºC/72 h). 
Introduction
Vigor tests have emerged to complement the information obtained from the germination test, which may overestimate the physiological potential of seed lots. Vigor tests can provide information closer to what occurs during seedling establishment in the field, because they are based on physiological and biochemical characteristics sensitive to changes in seed physiological potential before those identified in the germination test. Although researches to estimate the level of okra seed vigor are scarce, it has been recommended to use the accelerated aging test, at 41 ºC/72 h for this species (Dias et al., 1998 and Lopes et al., 2010) and 41 ºC/144 h (Torres and Carvalho, 1998) . On the other hand, using the saturated salt test procedure, Lopes et al. (2010) indicated the combination 41 ºC/72 h, as appropriate to detect vigor differences among the samples evaluated. Also, in the seed vigor electrical conductivity test, the combination of 50 seeds/75 mL of water/24 h/25 ºC was considered efficient by Dias et al. (1998) .
Modern procedures have been studied to assess the physiological potential of the seeds, among them the computerized seedling imaging analysis. In this technique, the determination of the vigor is performed more quickly and without the direct human interference. It was used initially by McCormac et al. (1990) , developing an automatic system for the determination of the average length of the primary roots of tomato seedlings.
Further work was carried out later, especially by Ducournau et al. (2005) , using an imaging analysis technique to determine the time required for the germination of sunflower seeds and by Tohidloo and Kruse (2009) , to evaluate the growth of radish seedlings by of an image analysis system and associating these data to those obtained on field seedling emergence. A software that has been used for determining seedling vigor is "Seed Vigor Imaging System ® " (SVIS), developed at Ohio State University/USA. This software performs the digital processing of images of scanned seedlings and establishes vigor and uniformity indexes, besides providing average values of seedling length.
This software was initially used by Sako et al. (2001) to assess lettuce seed vigor by capturing images of three-day old seedlings and determination of vigor and uniformity indexes, hypocotyl and primary root lenght, and root/hypocotyl ratio. This software has been successfully adapted to evaluate, among others, soybean seeds by (Hoffmaster et al., 2003) corn (Hoffmaster et al., 2005) , melon (Marcos-Filho et al., 2006) , supersweet corn (Alvarenga et al., 2012) , sunhemp (Silva et al., 2012) and cucumber (Chiquito et al., 2012) seed vigor.
To confirm the efficiency of the software, studies are needed to compare the information provided by SVIS analyses with results from tests already recommended, adapting the methodology for the different species. In this sense, Kikuti and Marcos-Filho (2012) identified the SVIS software as a promising tool for the analysis of lettuce seed vigor in comparison to traditional methods, an observation that was not performed by Sako et al. (2001) .
This study aimed to verify the efficiency of the seedling imaging analysis by the SVIS software to assess okra seed vigor.
Materials and Methods
Research was conducted at the Laboratory of Imaging Analysis and at Seed Analysis Laboratory of the "Escola Superior de Agricultura Luiz de Queiroz (LPV/ESALQ)", University of São Paulo (USP) in Piracicaba -SP.
Nine lots of okra seeds were used, being five of the Clemson Americano cultivar and four of the Santa Cruz cultivar. These lots were homogenized and divided into five sub-samples each; the first subsample from each lot was used for the initial assessment of seed physiological potential and the other, packed in aluminized plastic bags hermetically sealed and stored for 12 months under laboratory environmental conditions. The assessments of the physiological potential were performed at the beginning of storage and in four-month intervals by the following tests. Germination -four replicates of 50 seeds were used and germinated according to the conditions described in the Rules for Seed Testing (Brasil, 2009) . Daily counts from the fourth day were carried out until the tenth day after sowing, counting the normal seedlings for calculating the speed of germination index, according to Maguire (1962) . The mean percentage of germination for each lot and cultivar was obtained based on the number of normal seedlings totaled at 10 days after sowing. Germination at low temperatureconducted by the same procedure adopted for the germination test at 15 °C, in which normal seedling counts were performed between the twelfth and eighteenth days after installation of the test to obtain the index of germination speed. The average percentage of germination under low temperature was obtained based on the number of normal seedlings recorded at 28 days after sowing. Accelerated aging -the seeds from each lot were distributed on screens in a single layer inside plastic boxes (11 cm x 11 cm x 3 cm), containing 40 mL of water, to obtain 100% of relative air humidity. The boxes with seed samples were kept in a germination chamber at 41 ºC, during 72 and 96 h. After each aging period, seeds were submitted to germination test and the percentages of normal seedlings were calculated at four days after sowing. Saturated salt accelerated aging (SSAA) -conducted in the same manner described for the traditional test; but the water was replaced by 40 mL of saturated solution of sodium chloride, aiming to provide an environment with 76% of relative air humidity. Seedling emergence -four replicates of 50 seeds were distributed in individual cells of Styrofoam trays containing commercial substrate, kept in a greenhouse, irrigated daily. The assessment of the final percentage of seedling emergence was performed 21 days after sowing. Seed water contentperformed before all tests and after the the accelerated aging periods, by the oven method, at 105 °C for 24 h, according to the Rules for Seed Testing (Brasil, 2009) .
Seedling vigor imaging system (SVIS) -germination was performed in paper-towel rolls, with four replications of 25 seeds for each lot distributed in the upper third of the paper towel surface and germinated at 25 °C for four days, for both cultivars. Normal seedlings from each replicate were transferred from the germination paper to a sheet of black cardboard to provide contrast between the seedlings and the black background during the capture of images by a scanner machine. The images were captured on an inverted scanner model HP Scanjet 2004 mounted within an aluminum apparatus and operated by a Photosmart software with a resolution of 100 dpi. Scanned images were analyzed by the SVIS software, installed on a Pentium IV computer, operated by the Windows XP Profissional system. After the digital processing of the images and individual analysis of each seedling root / hypocotyls axis were generated by means of the SVIS software, the numerical values of the vigor index and of uniformity of seedling development, which may vary from 0 to 1000. The assessment of the seedling length was performed by positioning the cursor over each seedling, automatically obtaining its length, in millimeters; results were expressed as mean values for each lot and cultivar.
Statistical analysis of the data obtained in the different tests was performed comparing the lots within each cultivar for each assessment and testing times. The SISVAR program was used and the Tukey test (p ≤ 0.05) for comparing the averages.
Results and Discussion
Analysis of variance of the data obtained from traditional tests detected significant differences among seed lots in both cultivars, in most tests performed, except for seedling emergence, for cultivar Clemson Americano, at 12-month storage; saturated salt accelerated aging (41 ºC/96 h), before storage; speed of germination and saturated salt accelerated aging (41 ºC/72 h and 96 h), after six months of storage and speed of germination at 12 months of storage, for `Santa Cruz`.
Significant differences were observed among lots for vigor index and seedling length by SVIS software, for both cultivars studied in all evaluation times. For uniformity of seedling development, there was a difference among lots at 6 months of storage, for cultivar Clemson Americano, and at the initial time and at 6 months of storage, for Santa Cruz cultivar.
The germination percentage of both cultivars exceeded the minimum established for marketing of okra seeds which is of (75%), according to Brasil (2010) . To determine the efficiency of vigor tests it is important to evaluate lots over the requirements established for the marketing of seeds, because these tests provide additional information to the germination test and this information is not needed to characterize the lots that will not be marketed as seeds.
Seed water content of different lotsbefore the tests ranged from 10% to 12% in all evaluation times, in both cultivars (data not shown). After the aging period for the SSAA, seed water content among lots was between 11% and 13%. This result is expected since the low relative humidity provided by the saturated salt solution restricts the seed water uptake during the test. Similarly to that observed in this study, a slight increase in the water content of okra seeds after the accelerated aging period was verified by Lopes et al. (2010) .
The accelerated aging test has as principle the increased rate of seed deterioration when exposed to high temperature and relative humidity. When using the saturated salt solution, the humidity effect is attenuated, prevailing that from aging temperature. Therefore, this procedure causes less drastic effects than the traditional accelerated aging.
After the traditional accelerated aging, seed water content ranged from 25% to 34%, considering the two exposure periods (72 and 96 h) and the three evaluation times, not exceeding the range of four percentage points among seed lots within the same temperature and time adopted here for this test. These variations in water content probably did not affect the test results, as they were within tolerable limits, according to Marcos-Filho (1999) .
With respect to the cultivar Clemson Americano seeds, the germination and seedling emergence tests identified lot 5 as the worst performance in the evaluations performed at zero and six months of storage (Table 1 ). In addition, at 12 months of storage, the germination test also identified lots 1 and 5 as the the worst performance, similarly to other traditional tests before storage. The seedling emergence test was conducted under environmental conditions closer to ideal and therefore its result was similar to that obtained in the germination test.
The SVIS software, considering the parameters vigor index and seedling length identified lot 1 as the lowest vigor at the first evaluation time, thus providing the same information from the germination test regarding the lots of worse performance. These parameters, at 6 and 12 months of storage, also highlighted lots 1 and 5 as the worst performance, and lots 2 and 3 as the best, in a similar way to the other tests performed here. These results indicate the possibility for the SVIS software to be used efficiently to determine okra seed vigor, as was already been observed for other species such as lettuce (Sako et al., 2001 and , corn (Otoni and McDonald, 2005) , soybeans (MarcosFilho et al., 2009 ) and cucumber (Chiquito et al., 2012) .
The evaluation of uniformity of seedling development detected differences between lots after six months of storage, highlighting the superiority of lots 2 and 3 in comparison to lot 5. This parameter was not considered as effective to identify differences in the physiological potential among soybean seed lots of high vigor (Marcos-Filho et al., 2009) and this is expected because high vigor is usually associated to uniform seed performance with respect to germination.
On the other hand, considering all five evaluation times for `Santa Cruz`seeds, lot 6 was identified as the highest in vigor and superior to lot 9 in most tests (Table 2) . Exceptions were observed in the SSAA for 96 h at zero and six months of storage and after 72 h aging period at six months of storage; speed of germination at six and 12 months of storage and uniformity of seedling development (SVIS) at 12 months of storage. Seed lot 8 was identified, together with lot 9, as the lowest vigor, by the results of the traditional accelerated aging test (41 °C/96 h), vigor index and seedling length obtained with the SVIS program before the storage period. Similar results were observed in the germination tests at low temperature, traditional accelerated aging and vigor index and seedling length by SVIS. In germination, seedling emergence and saturated salt accelerated aging tests, this result was only observed at 12 months of storage.
In this research it was found that the accelerated aging test at 41 °C during 72 h was more appropriate for the assessment of okra seed vigor than the period of 96 h, considered as too drastic. Such combination was also indicated by Dias et al. (1998) and by Lopes et al. (2010) for evaluation of the okra seeds vigor.
The vigor index and seedling length values obtained by SVIS provided the separation of the lots at different vigor levels in both cultivars studied, similarly to the more efficient traditional testing procedures.
Tests based on seedling development are successfully used to determine seed physiological potential of various species (Nakagawa, 1999) . The determination of the root length, either manually or by means of SVIS, allowed to distinguish vigor level of lettuce seed lots (Nascimento and Pereira, 2007; Kikuti and Marcos-Filho, 2012) . Similarly, the variable seedling growth was the more sensitive SVIS parameter to assess soybean seed vigor, with results comparable to those of the accelerated aging test (Marcos-Filho et al., 2009) .
During storage there was a decrease in the physiological potential of seed lots, especially those of lower initial vigor, in both cultivars (Tables 1 and 2 ). In general, the accelerated aging tests, speed and percentage of germination at low temperature and the vigor index and seedling length by SVIS were similar to rank the lots in different vigor levels, in all evaluation times.
The germination test at low temperature, although effective to separate lots according to vigor is slower when compared to the other tests used here. The evaluation of the speed of germination was performed only from the 12th to the 18th days after sowing and the germination percentage was recorded only at 28 days. In the traditional vigor tests, the results were mostly obtained within 10 days, and in four days by SVIS.
The delay to obtain the results of germination at low temperature compared to other tests performed here makes difficult to recommend this test to compose seed quality control programs by seed companies because fast and reliable results are necessary to provide information for prompt use and support correct decisions during various pre and post-harvest phases of seed production. However, in this research the temperature of 15 °C was used, which may have been drastic to okra seeds. For cotton seeds (same family as okra -Malvaceae), the germination test at 18 ºC, with seedling interpretation at seven days after sowing, has been considered as efficient (Mattioni et al., 2009 ). According to Dias and Alvarenga (1999) , the temperature recommended for this test is between 15 ºC and 18 ºC, depending on the species.
Conclusions
The vigor index and the seedling length, assessed by the SVIS software, are efficient to classify okra seeds lots according to the vigor level, providing results similar to those obtained in the accelerated aging test (41 ºC/72 h).
